Axon guidance molecules such as netrins, semaphorins, Slits and ephrins provide the cues required for accurate patterning of axonal projections in the nervous system. Recent reports have described multiple paradigms by which these molecules interact with integrin adhesion receptors in and outside neuronal tissues. 
Four major families of axon guidance moleculesnetrins, semaphorins, Slits and ephrins -guide axons to specific sites by providing attractive or repulsive cues during the formation of neural networks. Axonal guidance requires spatiotemporal control of cell adhesion and assembly of the actin and microtubule cytoskeletons. Similar processes control the migration of all animal cells and integrin adhesion receptors often play pivotal roles in each of them [1] . Integrins are transmembrane, heterodimeric receptors for components of the extracellular matrix (ECM) and for cellular counter-receptors. In humans, combinations of 18 α α subunits and 8 β β subunits form at least 25 integrins, each of which binds specific ECM components or ligands on the surfaces of other cells [2] . Integrin signaling regulates cytokeletal dynamics, adhesion, and migration events, through associated proteins such as talin, vinculin, integrin-linked kinase (ILK), focal adhesion kinase (FAK), paxillin, p130 Cas , Abl kinase and many other signaling or cytoskeletal proteins.
Recently published work [3] showing that Netrin-1 regulates epithelial cell motility through the engagement of integrins highlights the conserved function of axonal guidance molecules in regulating migration in many tissue types and the importance of integrin function in this process. Indeed, a burgeoning literature has underscored the connections between integrins and axonal guidance cues. Here, we summarize four families of neuronal guidance molecules that are now known to show a conservation of function in nonneuronal cells and connect with integrins through three paradigms: firstly, integrins act as receptors for the guidance cues; secondly, binding of the axonal guidance molecules to their receptors alters the functional states of integrins; thirdly, signals from axonal guidance receptors and integrins converge to coordinate cellular behaviors (Figure 1 ). Semaphorin 7A (Sema7A) is a glycosylphosphatidyl inositol (GPI)-anchored semaphorin that binds to plexin C1 in vitro and has a role in the immune system. Pasterkamp et al. [6] detected expression of Sema7A in the nervous system where it promotes axon growth from olfactory bulb neurons. In Sema7A-deficient mice, the lateral olfactory tract is reduced, although this phenotype was not observed in plexin C1 deficient mice and the response of olfactory bulb neurons to Sema7A was not disrupted, suggesting a plexin C independent mechanism for Sema7A-directed migration. Sema7A also contains an RGD integrin-binding motif. By using a short RGD-containing peptide from Sema7A, these authors found that a β β1 integrin is a receptor for Sema7A. Furthermore, stimulation of olfactory bulb neurons by binding to Sema7A induces FAK and ERK phosphorylation, which are downstream events in integrin activation. Several other semaphorins contain the RGD sequence, raising the possibility that they may also serve as integrin ligands. 
Netrins

In contrast, Class 3 semaphorins -secreted semaphorins that bind to neuropilins in a complex with plexin
Conclusions
Accumulating evidence shows that axonal guidance molecules operate outside the nervous system. Axonal guidance molecules can bind directly to integrins (Netrin-1 and Sema7A) to provide direct adhesive signals that control cell migration. In other cases (Sema3, Eph/Ephrin), the engagement of axonal guidance receptors can regulate the adhesive function of integrins, and thus indirectly provide adhesive cues. In addition, integrins are signaling receptors in their own right and integrin signals can converge with those generated by axonal guidance receptors to coordinate cellular behaviors (Sema3, Slit, Eph/Ephrin). The many connections between axonal patterning and integrinmediated cell migration suggest that workers in these hitherto divergent fields will look to each other for novel guidance cues!
